Nitric oxide (NO) is proposed as a neurotransmitter in the mammalian CNS. Histochemical staining and physiological studies suggest that it may be used as a transmitter in invertebrates as well. We stained the CNS of Aplysia using NADPH-diaphorase as a marker for nitric oxide synthase (NOS) to identify neurons, fibre tracts, neuropil and synaptic terminals where NO may be produced. We found a few (3-6) densely stained neurons in most central ganglia and 30 or so bilaterally represented neurons in the cerebral ganglion. Axons, as well as cell bodies, were stained. They joined well defined stained fibre tracts in the ganglia and interganglionic connectives. Several conspicuous synaptic glomeruli were stained, including the lateral terminus of the optic tract. Antiserum to myomodulin, a transmitter/modulator, also stained the lateral terminus. Peripheral nerves including the optic, tentacular and lip nerves contained stained fibres. Select cerebral E-cluster neurons, impaled with micropipettes, responded to the NO generating compounds SIN-1 (3 morpholino-sydnonimine) and s-nitrosocysteine (S-NC). The membrane potential depolarized ca 10 mV, membrane resistance increased and spike activity increased. Degassed solutions had no effect. 8-bromo-cGMP mimicked the effect of SIN-1 and S-NC, suggesting that NO effects may be mediated by activation of guanylate cyclase. NADPH-diaphorase positive neurons were impaled and found to produce synaptic depolarization of follower neurons that also were responsive to SIN-1 and S-NC. The combined evidence identifies NO as a putative transmitter/ modulator in the Aplysia nervous system.
INTRODUC'I'ION
Nitric oxide (NO) is proposed as a putative transmitter in the central nervous system (GARTHWAITE et al., 1988) and between pre-and postsynaptic ganglionic sympathetic neurons (MoRRis et al., 1993) , 1993; ELPHICK et al., 1993) annelids, and molluscs (ELOFSSON et al., 1993) . Other evidence is that NOS activity, which can be inhibited by nitro-L-arginine, produces the reaction product citrulline, in neural tissue of the pulmonate mollusc, Lymnaea, and NO activates buccal motor neurons and patterned neuronal activity in Lymnaea (MOROZ et al., 1993) . As a first step to determine whether NO is used as a neurotransmitter in the mollusc A?lysia, we performed NADPH-diaphorase histochemical staining (VINCENT, 1986 ) of the CNS. We found specific staining of select neurons, tracts, neuropil and synaptic glomeruli, including the lateral terminus.
As a second step we recorded the intraccllular activity of cerebral neurons that are stained by NADPH-diaphorase and the activity of their follower neurons.
NO generating compounds depolarized the follower neurons and increased their membrane resistance. Synaptic activation of follower neurons by NADPH-diaphorase positive neurons evoked a slow, frequency-dependent depolarization of the followers, similar to the depolarization induced by the NO generating compounds.
METHODS
Eyes and ganglia were dissected from the mollusc Aplysia californica, obtained from Marinus Inc., Long Beach, CA, and kept in sea watcr aquaria at 16°C in light/dark (13:11). For immunocytochemistry and histochemistry tissues were fixed for 2 hours at 4°C in 4% paraformaldehyde in 0.1 M sodium phosphate buffer (PB) pH 7.4 with 25% sucrose, then washed overnight in PB + 25% sucrose and 0.02% NaN3. Tissues were embedded in Tissue-Tek (Miles), and cryostat sections (20-30 11m) were cut and dried. We performed immunocytochemistry by established methods (STRACK & JACKLET, 1993) . After postfixation and washing, the slides were presoaked in a phosphate buff ered saline solution containing Triton X-100, normal serum, and bovinc serum albumin. Sections were incubated overnight in the primary antiserum, anti-48K or antimyomodulin, at a 1:500 dilution, and secondary antiserum conjugated to horseradish peroxidase (HRP, Cappel) at a dilution of 1:1000. The HRP was reacted with diaminobenzidine in the presence of NIC'2 to yield a bluishblack reaction product. Then slides were dehydrated, cleared, and coverslippcd in Permount. In controls primary antiserum was omitted. Anti-myomodulin was a gift from K. Weiss. MILLER al. (1991) identified myomodulin immunoreactive neurons in Aplysia with it. For NADPH-diaphorase histochemistry (VINCENT, 1986 ) the sections were rehydrated in 0.1 1 M Tris buffer pH 8 with Triton X-100 (TBT) at room temperature, and incubated 45 min at 36°C in TBT with 1.15 mg/ml NADPH and 0.3 mg/ml nitro blue tetrazolium
